Background
Worldwide, colon and rectal cancer are the third major types of cancer [1] . All stages of colon cancer originally arise from gene mutation in the large bowel epithelial cells, with local growth, invasion, and metastasis, as represented by the tumor stage ( Figure 1 ) [2] . Current treatment for colon cancer includes surgical resection [3] , chemotherapy [4] , and/or radiation therapy [5] .
The etiology of colon cancer is complex [6] . There are several factors that affect the pathophysiology of colon cancer [2] . However, tumor angiogenesis [7] and inflammation [8] are known to be important. Therefore, treatment using anti-inflammatory agents and angiogenesis suppressor agents are potential treatment approaches for colon cancer [2] .
There are several traditional Chinese herbal medicines that have anti-inflammatory and tumor angiogenesis suppressor effects, some of which are officially included in the Chinese Pharmacopoeia for the treatment of colon cancer [9] . Catalpol is an iridoid glucoside extracted from Rehmannia glutinosa (Chinese name: Di Huang), which has anti-inflammatory and anti-proliferative activity [10] . Catalpol is used at a dose of 400-500 µg/kg/day dose for anti-inflammatory and anti-proliferative activity [11] . Recently published studies have provided evidence that freeze-dried catalpol administered intravenously at 10 mg/kg twice a day is safe for human use without significant toxicity and without associated anaphylactic reactions [12, 13] . At present, published studies have evaluated the anti-cancer effect of catalpol in vitro, using the MCF-7 breast cancer cell line [11] , the OVCAR-3 ovarian cancer cell line [10] , and the T24 bladder cancer cell line [14] .
Therefore, the aim of this study was to evaluate the efficacy, safety, and cost of treatment of the traditional Chinese herbal medicine, catalpol, in patients following surgical resection for locally advanced colon cancer.
Material and Methods

Ethical statement
The Oncology Research Ethics Committee of Pingshan District Peoples' Hospital of Shenzhen approved the experimental protocol. This study followed the ethical guidelines of the Jingshan Maternal and Child Health Family Planning Service Center, Jingshan, China for oncological research on human subjects, in accordance with Chinese legal requirements for research studies [15] . All patients who participated in the study provided signed written informed consents.
Materials
The freeze-dried samples of catalpol were donated from Xi'an Helin Biological Engineering Co., Xi-an, Shanxi, Peoples' Republic of China. Bevacizumab (Avastin ® ) (25 mg×1 mL) was purchased from Roche Holding AG, Basel, Switzerland. Normal saline was purchased from Baxter International Inc. USA.
Study design
The primary aim or endpoint of the study was to evaluate the efficacy, safety, and cost of treatment of the traditional Chinese herbal medicine, catalpol, in patients following surgical resection for locally advanced colon cancer, including patient overall survival (OS), and cancer-free survival (CFS). The secondary endpoints were the evaluation of adverse events, and cost of treatment with catalpol. 
Patient groups
Statistical evaluation of the required study sample size was 115 for each group in the study. There were 345 patients included in the study who had undergone surgical resection for locally advanced colon adenocarcinoma, who were divided into three groups: a placebo-treated group (n=115); patients treated with an intraperitoneal injection of 10 mg/kg catalpol twice a day for 12 weeks (treatment group) (n=115); and patients treated with 5 mg/kg intravenous bevacizumab twice a week for 12 weeks (control group) (n=115).
Study inclusion criteria
Patients included in the study were aged between 18-70 years and all were admitted to the Jingshan Maternal and Child Health Family Planning Service Center and Pingshan District People's Hospital of Shenzhen, China between January 2012-July 2017. All patients underwent surgical resection for locally advanced colon cancer. Patients who had no previous exposure to chemotherapy or immunotherapy in the previous two years were included in the study. Patients who had adequate renal, liver, bone marrow, and hepatic function and histopathologically proven colon cancer were included in the study. A randomized, parallel design was applied for the experimental clinical study. The flow diagram of the study design is shown in Figure 2 . The clinicopathological and demographic characteristics of patients with colon cancer enrolled for treatment at baseline are shown in Table 1 .
Study exclusion criteria
Patients with confirmed metastasis, or primary malignancy of other organs, were excluded from the study. Patients who refused to provide written informed consent, and who did not attend regular post-treatment follow-up, patient age <18 years and >70 years were excluded from the study.
Surgical resection and treatment
Computed tomography (CT) imaging was used to determine whether patients who were diagnosed with colon cancer required laparoscopic-assisted or open complete mesocolic excision (CME) for the treatment of colon cancer [16] . The resected tumor was examined by the pathologist who confirmed the diagnosis, grade, and stage of the tumor, in combination with imaging findings.
Following surgery, patients who did not receive chemotherapy of any kind during the next two years of survival were included in the placebo group (n=115). Patients in the treatment group (n=115) had an intraperitoneal injection of 10 mg/kg catalpol twice a day for 12 weeks [2] . Patients in the control group (n=115) were treated with a two-hour intravenous infusion of 5 mg/kg bevacizumab, twice in a week for 12 weeks [17, 18] .
Laboratory investigations
Elevated serum levels of carbohydrate antigen 19-9 (CHA19-9) and serum carcinoembryonic antigen (CEA) are biomarkers for colorectal cancer [19] . Also, elevated serum levels of matrix metalloproteinases-2 (MMP-2) and matrix metalloproteinase-9 (MMP-9) are biomarkers for recurrence of colon cancer [20] . Blood samples from all patients who participated in the study were collected using Vacuette ® blood collection tubes (Greiner Bio-One International GmbH, Germany) and the laboratory investigations were interpreted by a pathologist who was blinded to the patient study group assignment [21] .
Cancer-free survival (CFS) and overall survival (OS)
All patients underwent surgical follow-up with planned visits up to 48 months. Cancer-free survival (CFS) was recorded by clinicopathological measurements. However, overall survival (OS) was considered to be a live patient, irrespective of the presence of disease [17] . The response to the outcomes of each treatment followed the Response Evaluation Criteria In Solid Tumors (RECIST) guidelines [22] .
Treatment-related adverse effects
Patients were monitored for non-fatal treatment-related adverse events, including, diarrhea, nausea, vomiting, gastrointestinal ulcers, allergy, constipation, alopecia, and peripheral neurotoxicity. Patients were also monitored for fatal treatment-related adverse events, including neutropenia, thrombocytopenia, anemia, hypertension, proteinuria, and gastrointestinal bleeding [17] .
Treatment costs
Treatment costs were analyzed and compared, including surgery, imaging costs, diagnostic pathology costs, costs associated with duration of hospital stay, and follow-up treatment [23] .
Statistical analysis
One-way ANOVA was used for analysis of clinicopathological and demographic characteristics of the enrolled patients at baseline at 99% of confidence interval (CI) [2] . Two-tailed ttests (considering b=0.1 and a=0.05) [24] , following Tukey's post hoc test, with the critical value of q>0.314 considered as significant [25] , were used for fatal and non-fatal treatmentassociated adverse events, CFS, OS, and cost of the therapy. Wilcoxon rank sum test following Tukey post hoc test, with the critical value of q>3.344 considered as significant [25] , were performed to compare clinicopathological responses between baseline and at the end of the 12-week treatment period [26] . All tests were performed using GraphPad Instat software (GraphPad, Inc., CA, USA). The results of parameters analyzed were considered significant at 95% confidence interval (CI).
Results
This study included 345 patients who had undergone surgical resection for locally advanced colon cancer, who were divided into three groups: a placebo-treated group (n=115); patients treated with catalpol (treatment group) (n=115); and patients treated with bevacizumab (control group). There were no significant differences in the clinicopathological and demographic characteristics between the three patient groups (all, p>0.01).
The serum values of carbohydrate antigen 19-9 (CA 19-9), carcinoembryonic antigen (CEA), matrix metalloproteinases-2 (MMP-2), and matrix metalloproteinases-9 (MMP-9), measured at baseline were elevated in all patients, consistent with the presence of colon cancer. Following surgery, catalpol treatment reduced the serum levels of CHA19-9, CE, MMP-2, and MMP-9 ( Table 2) .
At the end of the post-surgical and post-treatment follow-up period of 48 months for all patients in the three groups, showed significant non-fatal treatment-related adverse events in the catalpol treatment group (p<0.0001, q=5.375) and the bevacizumab-treated control group (p<0.0001, q=24.242) (Figure 3) . However, critical fatal treatment-related adverse events were found in the bevacizumab-treated control group only (p<0.0001, q=42.071) (Figure 4 ).
With increasing follow-up duration, the percentage of cases of recurrence of colon cancer significantly increased in the placebo group (p<0.0001, q=8.655) and catalpol treatment group (p=0.0052, q=3.541), when compared with the control group ( Figure 5 ). Overall survival (OS), irrespective of disease-free status, was significantly increased in the catalpol treatment group compared with the placebo group (p<0.0001, q=7.586), and was the same as the control group (p=0.3434, q=1.362) ( Figure 6 ). The cost of treatment of colon cancer was significantly greater in the bevacizumab-treated control group when compared with the placebo group (p<0.0001, q=125.71) and with the catalpol treatment group (p<0.0001, q=207.17) (Figure 7 ).
Discussion
The aim of this study was to evaluate the efficacy, safety, and cost of treatment of patients following surgical resection for locally advanced colon cancer, with the traditional Chinese Table 2 . Effect of interventions on pathological parameters.
Constant data were represented as a number (percentage) and continuous data were represented as mean ±SD. n -sample size; BL -baseline; EP -after the end of the treatment of 12-weeks; CHA19-9 -carbohydrate antigen; CE -carcinoembryonic antigen; MMP-2 -matrix metalloproteinases-2; MMP-9 -matrix metalloproteinases-9. Figure 3 . Non-fatal adverse events in the study. For all groups, n=115. For statistical analysis, non-fatal adverse effects were considered to be 1; no adverse effect considered to be 0. Non-fatal adverse events were significantly associated with the catalpol treatment group (p<0.0001, q=5.375), compared with the control group (p<0.0001, q=24.242). p<0.05 and q>3.314 were considered to be significant. For all groups, n=115. For statistical analysis, fatal adverse effects were considered to be 1; no adverse effect considered to be 0. Only treatment with bevacizumab resulted in fatal adverse events (p<0.0001, q=42.071). p<0.05 and q>3.314 were considered to be significant. herbal medicine, catalpol. This study included three groups of patients, a placebo-treated group, a catalpol treatment and a control group treated with bevacizumab (control group). There were no significant differences in the clinicopathological and demographic characteristics between the three patient groups, but overall survival (OS) and cancer-free survival (CFS) were significantly increased in the catalpol treatment group when compared with the placebo group and the control group.
In the present study, patients were treated with an intraperitoneal injection of catalpol. Until this in vivo study, the effects of catalpol have previously been reported in an in vitro study using CT26 colon cancer cell lines [2] . The present study was designed and conducted to investigate the effects of catalpol in patients who were diagnosed and surgically treated for locally advanced colon cancer, and was the first study to show an effect of catalpol in patients with colon cancer.
At the end of the follow-up period of 48 months, in patients who were treated with catalpol, only mild non-fatal treatmentassociated adverse events were found, supporting the safe use of catalpol injection in human subjects [12, 13] . The findings of this preliminary study are encouraging for the safe and effective use of catalpol as an adjuvant chemotherapeutic agent following surgical resection in colon cancer patients. However, further large-scale, controlled clinical studies are required to support these findings.
This study also showed that catalpol significantly reduced the levels of the serum biomarkers of colon cancer, including carbohydrate antigen 19-9 (CA 19-9), carcinoembryonic antigen (CEA), matrix metalloproteinases-2 (MMP-2), and matrix metalloproteinases-9 (MMP-9) [19] . These findings supported the effects of catalpol in patients with colon cancer.
Patients with locally advanced colon cancer, treated with the traditional Chinese herbal medicine, catalpol, were shown in this study to have significantly fewer tumor recurrences and increased OS, irrespective of other concurrent diseases, when compared with placebo and bevacizumab. The reduction of serum levels of MMP-2 and MMP-9 following catalpol treatment might explain the prevention of metastases in patients with colon cancer [27] , which has implications for the anti-cancer chemotherapeutic effects of catalpol, including for colon cancer [10] . This study also showed that the cost of treatment 
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with catalpol for patients with locally advanced colon cancer with was competitive when compared with the other chemotherapeutic agent, bevacizumab.
This study was preliminary and had several limitations. The study evaluated the effects of the traditional Chinese herbal medicine, catalpol with only one other chemotherapeutic agent, bevacizumab, in post-operative patients with locally advanced colon cancer. This study did not evaluate the effects of catalpol in patients treated with radiotherapy. Also, this study did not include detailed histopathologic tumor grading and classification and did not undertake sub-analysis of clinical aspects of the patients during diagnosis. The study did not include an analysis of the dose-dependent effects of catalpol.
In future studies, analysis of individualized chemotherapeutic treatment with catalpol in a large study population is recommended, with a longer follow-up period, to improve the evaluation of adverse events, and of clinical outcome.
Conclusions
The findings of this preliminary study on the efficacy, safety, and cost of treatment of patients following surgical resection for locally advanced colorectal cancer were that treatment with the Chinese herbal medicine, catalpol, showed benefits in clinical outcome, at low cost, and with no serious complications.
